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meats in and relating to crosslinking and is 

10 particulariy concerned with improvements in 
and relating to tlie vulcanization of unsaturated 
copolymers. 

It has been proposed in Patent Specifications 
Nos. 879,232 and 892,462 to vulcanize; elasto- 

15 mers such as butyl rubber, acrylonitrile ^ 
butadiene rubber and butadiene st3nrene rubber 
by means of phenolic resins in the presence 
of one or more halidcs of metals of Group 
II or Group III of the Periodic Table or of 

20 heavy metak. According to Patent Specifi- 
cations Nos, 892,462; 912,975 and 921,511 
these metal halides may be produced in silu 
from halogen-donors, for ^s:ample organic 
compounds such as chlorosulphonated poly- 

^ ethylene or polychloroprene, and from metal 
oxides or metal salts of weak adds respec- 
tively. 

According to the invention there is provided 
a process for cross-blinking unsaturated co- 

30 polymers comprising vulcanizing one or more 
copolymers, which have been obtained by the 
copolymerisation of one or more polyolefinic- 
ally unsaturated compounds ha^dng 4 to 14 
carfwn atoms and wliich may have a cyclic 

35 structure with one or more straight-chain 
monoieiinic compounds having 2 to 10 carbon 
atoms by one or more phenol resins, as herein 
defined, in the presence of one or more halidcs, 
preferably chlorides, -of one or more metals 

40 of Groups II or III of die Periodic Table or 
halides of a heavy metal^ said heavy metal 
haying a specific gravity greater than 4 or a 
mixture of halide precursors for any such 
halide or halides as herein defined. The 

45 Periodic Table used is liiat of I^thar Meyer 



taining up to 90 moi per cent, calculated on 
the total mono-olefin component, of one or f 
more branched mono-olefiiiic hydrocarbons 
having 4 to 12 carbon atoms. 

The fact that such copolymers may be cross- 
linked according to the invention by the sub- 
stances in question is fundamentally new and i 
very important insofar as these copolymers have 
properties completely different froni butyl 
rubber and other elastomers. For example, 
they arc quite different from butyl rubber in 
that they are very much le^ branched. The < 
copolymers to be crossr-linked according to 
the invention may contain double bonds either 
in the main chains or in side chains* 

The polyolefinically unsaturated compound 
may be cyclic or acyclic or mixtures of such ' 
compounds. The proportion of cyclic com- 
pound in the polyolefinically unsaturated com- 
pound mixture may be at least 10, preferably 
at least 50 mol per cent. Usually these com- 
pounds will be dienes and, moreover, pre- ' 
ferably those having conjugated double bonds. 
The polyolefinically unsaturated compound 
may contain the group CH.^ = C< . 

Specific examples of acyclic dienes have the 
formula CHo^CH ~ CR^ = CH. in which 
is hydrogen, methyl, ethyl, propyl, chlorine, 
fluorine, acctoxy, cMoroacetoxy, butyroxy or 
cyano radical, e.g. butadiene, isoprcnc, 2,3 - 
dimethyl - butadiene - 1,3, 1,2 - dimethyl - 
butadiene ~ 1,3, 1,3 - dimethyl - butadiene - 
1,3, 14 - dimethvi - butadiene - 1,3, 1 - ethyl- 
butadiene - 1,3, 2 - ethylbutadiene - 1,3, 2 - 
propylbutadiene - 1,3, 2 - chlorobutadiene - 
1,3, 2 - fluoro - butadiene - 1,3, 2 - acetoxy- 
butadiette ^ 1^, 2 - chloroacetoxy - butadiene - 




PATENT 8FECIFI0ATION 

NO DRAWINGS 



99Z359 



Date ofAppHoaUon and filing Complete Specification: May 14, 1963. 
No. 19161/63. 

Application made In Germany (No. C26983 IVd/39b) on May 14^ 1962, 
Application made In Germany (No, C27790 IVdf39b) on Aug. 27, 1962. 
Comphte Specification Published: May 19, 1965. 
(g) Crown Copyright 1965. 



Index at acoeptimee :--CI3 P(2C8C, 2C13B, 2C20A, 2D1B, 2D3A, 2K7, 2T2A) 
Iiit. C3L:~0 08 d 

COMPUBXE SPECIFICATION 

improvemcMts in m relating to Cross-tiBkiiig of 

Usisatiirated Copolymers 



10 



15 



20 



05 



30 



35 



40 



45 



We^ Ghemische Werke Albert^ a Cfennan 
Body Corporate of Wiesbaden-Biebrich^ Ger- 
many, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and tb& method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention is concerned with improve- 
ments in and relating to crossIinMng and is 
particularly concerned with improvements in 
and relating to the vulcanization of unsaturated 
copolymers. 

It has been proposed in Patent Specifications 
Nos, 879,232 and 892,462 to vulcanize elasto- 
mers such as butyl rubber, acrylonitrile - 
butadiene rubber and butadiene styrene rubber 
by means of phenolic resins in the pr^ence 
of one or more halides of metals of Group 
II or Group III of the Periodic Table oar of 
heavy metals. According to Patent Sp«:ifi- 
cations Nos. 892,462; 912,975 and 921,511 
these metal halides may be produced m situ 
from haipgen-donors, for example organic 
compounds such as dbknrosulphonated poly- 
ethylene or polychloropreiK, and from metal 
prides or metal salts of weak acids respec- 
tively, 

Acoirding to the invencdon there is provided 
a process for cross-linking unsaturated co- 
polymers cpmprishig vulcanizing one or more 
copolymers^ which have been obtained by the 
copolymerisarion of one or more polyolefinic- 
alfy tmsaturated compounds having 4 to 14 
carbon atoms and which may have a cyclic 
structure with one or more straight-chain 
nacmolefinic compounds having 2 to 10 carbon 
atoms by one or more phenol resins, as herein 
defined, in the presence of one or more halides,, 
preferably chlorides, of one or more metals 
of Groups II or III of the Periodic Table or 
halides of a heavy metal, said heavy metal 
haying a specific gravity greater than 4 or a 
mixture of halide precursors for any such 
halide or halides as herein defined. The 
Periodic Table used is ijiat of liOth^ Meyer 



and Mendelejeff. 

Alternatively, the ojpolymer may be de- 
rived from one or more polyolefinically tm- 
saturated compound, pardy or wholly of cyclic 
structure and one or more branched ciain 
mono-olefinic compounds. 

The copolymers may, alternatively, be 
derived from a mono-olefin cpmponent conr 
taining up to 90 mol per cent, calcidated on 
the total mono-plefin cpmponent^ of one or 
more branched monp-olefinic hydrocaiibons 
having 4 to 12 carbon atoms. 

The fact that such copolymers may be cross^ 
linked according to the invention by the sub- 
stances in quesdpn is fundamentally new and 
very important insofar as these copolymers have 
properties completely difterent from butyl 
rutfcer and other elastomers. For example, 
they are quite different from butyl rubber in 
that they are very much less branched. The 
copolymers to be cross-linked according to 
the invention may contain double bonds either 
in the main chains or in side chains. 

The polyolefinically unsaturated corapoimd 
may be cyclic or acyclic or mixtures of such 
compounds. The proportion of cyclic com- 
pound in the polyolefinically unsaturated com- 
pound mixture may be at least 10, preferably 
at least 50 raol per cent. Usually diese com- 
pounds will be dienes and, moreover, pre- 
ferably those having conjugated double bonds. 
The polyolefinically unsaturated compound 
may contain the group CHs = C< . 

Specific examples of acyclic dienes have the 
formula CHo^CH — CR^=rCHo in which 
IS hydrogen, methyl, ethyl, propyl, chlorine, 
fluorme, acetoxy, chloroacetoxy, butyroxy or 
cyano radical, e.g. butadiene, isoprene, 2,3 - 
dimethyl - butadiene - 1,3, 1,2 - dimethyl - 
butadiene - 1,3, 1,3 - dimethyl - butadiene - 
1,3, 1,4 - dimethyl - butediene - 1,3, 1 - etiiiyl- 
butadiene - 1,3, 2 - ethylbutadiene - 1^ 2 - 
propylbutadiene - 1,3, 2 ^ dilorobutadiene - 
1,3, 2 - fluoro - butadiene - 1,3, 2 - acetoxy- 
butadiene *• 1,3, 2 - <^loroacetosy ^ butadiene - 90 
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1,3, 2 butyroxybutadiene - 1,3 and 2 - cyano- 
bumdiene - 1,3^ further, for example, piperyi- 
ene, hexadiene - 1,3, 2- or 4 - metfayl - penta- 
diene - 1,3, tetradecadiene - 1,3, 2 - phenyl- 

5 1,3 - butadiene or 1 - phenyl - 2,3 - dimethyl- 
butadiene - 13. Examples of suitable cyclic 
compoimds are cyclopentadiene and dicyclo- 
pentadiene. Hie proportion of the diene- 
component in die copolymer is ^nerally 0.5 

10 to 10, preferably 1 to 5 mol%> 

The mono - olefinic compounds used are 
straight chain mono - olefins with from 2 to 
iO carbon atoms or, in tbe indioited specific 
embodiments, branched mono - olefins with 

15 frcm 4 to 12, preferably from 4-— 7 <^rbon 
atoms^ The proportiD^ of branched axKanq-^ 
olefins used in a niixture of mono - olefins 
may be to 90 mol per cmt, generally from 
10 to 70 and preferably up to 50 mdl per cent, 

20 calculated on the total mono - olefins presents 
Specific es:amples of suitable mon& ^ olefins 
are ethylene, propylene, fautene-1, pentene-1, 
hesene - 1, h^tene - 1, octene - 1 and decene- 
1. Branched olefins, which may be used in 

25 the process of the present invention include, 
for example, isobutylene, its dimers or tri^ 
mers and 1-etbyl-l-me^ylethylene. 

The copolymers used in the present inven- 
tion may be produced by any known process 

30 and may be made from olefin mixtures. Thus, 
for example, copolymers may be made from 
a mixture containing at least 20 mol% 
ethylene, an €e - olefin of the formula 

R — 'C3E1 = C3EI 25 

35 in which R means an allcyl radical with 1 to 
8 carbon atoms and 0.5 to 10 moI% of 
dicyciopentadiene. 

By tihe term ph^olic resin in this Speci- 
fication we mean a resin made by condensing 

40 an aldehyde and a phenol in an alkaline me*^ 
dium and having at least one free, or est^fied 
phenolic-hydroxy group and at l^st one free, 
etherified or esterified alcoholic hydroxy grot^ 
or at least one halogen atom instead of said 

45 free, etherified or esterified hydroxy groups. 
Hie phenolic resins will generally be used in 
an amoimt fesn 1 to 15, preferably 3 to 9 
parte by weight per 100 parts of unsaturated 
oppolymea*. For example, suitaHe phenol re- 

50 sins ase those in which two of the three o,o,p^ 
positions, pr^erably die two o-pasitions (with 
respect to the phenolic hydroxy group) a 
mpncmucjear phenol are substituteef on reaction 
with an aldehyde. This is possible if the 

55 phenol resim are derived from xnonoimclear 
phenols wMch contain a substltuent in one of 
the o,o,p-positions to the phenolic hydroxy 
group, preferably in p-position. Preferably 
this substltuent is a hydrocarbon radical. It 

60 may, however, be another radical, which does 
not inhibit condensation in an o-position, for 
example, halogen such as chlorinej nitro or 



cyano. Phenol resins derived from phenols 
having all of the o,o,p-positions with respect 
to the phenolic hydroxy group free and con- 65 
taining substituents having a total of at least 
4 carbon atoms in the m~posidons to the 
phenolic hydroxyl groups may be used in 
like manner. If the phenols contain more than 
one substituents these may be the same, or 70 
dMerent. Preferably the substituents are hydro- 
carbon radicals widh 1 to 12 carbon atoms such 
as the methyl, ethyl, propyl, isopropyl, butyl, 
sec-butyl, isobutyl or tert-butyl, the straigiit- 
chained, branched or cyclic primary, secon- 75 
dary or tertiary pentyl, hexyl, heptyl, octyl, 
decyl, or dodecyl radicals for example the tert.- 
amyl radical, the normal or isooctyl radical 
sudi as the ethylhexyl or dlisobutyl radical; 
or cycloh^l, benzyl or phenyl radicals which 80 
may be substituted with an aJikyl radical;^ e.g. 
metfaylcydohexyi, tolyl or xylyl. Preferably 
all substitueni^ in a given phenol together 
conmin 1 to 12 carbon atoms and if the sub- 
stituents are in a posinon para to the phenolic 85 
hydroxy group, 4 to 12 carbon atoms. These 
subsdtiients may themselves be substituted with 
chlorine or bromine, as may for (Sample the 
phenolic nucleus. 

Other phenol resins suitable for use in the 90 
process of this invention are formed by cyclic 
condensation of phenoldialcohois. Such cyclic 
condensates may be used alone or as mixtures 
of condensation products, which contain these 
cyclic portions in an amount of, for example, 95 
at least 85 per cent by v/eight. To facilitate 
the incorporating of these products into the co- 
polymers it is advisable to use them together 
Vrith agents aiding the dispersion, e.g. the 
plasticizers mentioned below. The cyclic con- 100 
densates may be built up from 3> 4 or more 
phenolic midei and have iht general formula 



OH 




in which Rx and Rs may be the same or differ- 
ent. (Gaierally^ Ri and R2 are hydrogen or an X05 
alkyl radical with 1 to 3 carbcm atoms, for 
e^mnide medi]^ or a foryl radical) and R^ 
is one of the radicals mentioned above for 
siA)Stituents in the o^o^p-positions. The symbol 
n is at least 2 and indicates how many phenol 110 
nuclei are combined to form a ring. Prefer- 
ably n is 3 to 5, but it may also be higher, 
for example 8. 

The production of cyclic condensates in 
which R:: is an alkyi radical with 4 to 12 115 
carbon atoms is particularly simple. The 
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formation and properties of cyclic condensates 
of this type, for example from p - tert.-bulyl 
phenol and p - octylphenol are described in 
" Kmiststoffe 52 (1962), 19—21. 

5 Other phenol resins which may be used 
according to the invention are the so-called 
trifunctional resins which are resins, which 
have been obtained from trifxinctional phenols 
~i.e. phenols, with three free positions o,o,p- 

10 to the phenolic hydroxy group by reaction with 
an aldehyde, for exampk phenol, m-cresol or 
homplogues such as m'-3£ylenol in an alkaline 
medium. Still further phenol resins which 
may be used according to the invendoii are 

i5 so-cail^i dipheizol resins. These may be pro- 
duced by conden^tion of a dihydnc phenol 
such as resordnol or a binuclear dihydiic 
phenol in an alkaline medium with an alde- 
hyde. Suitable dihydric phenols are dihydroxy 

20 diphenyl, dihydroxy dibenzyl, dihydroxy di- 
phenylmethane, or homologues thereof, e.g. 
dihydroxy diphenyl - methyl - methane, 
-dimethyl - methane, -ethyl - methane, 
-methylethyl « methane, -diethyl - methane;, 

25 -methylpropyl - methane, -dipropyl - methane, 
-methylhexyl - methane, -dihexylmethane or 
-methyl - cyclohexyl - methane, or products 
substituted in the phenyl nuclei such as the 3- 
methyl, 3^5 - dimethyl or 3,3^ - diisopropyl 

30 substitution products. Diphenols containing 
the two hydroxy groups in the 4,4^ - posidons 
are especially preferred. 

Aldehydes, which may be reacted with the 
above-menticMied phenols are especially those 

35 with 1 to 7 carbon atoms such as acetaldehyde, 
propionaldehyde, butyraldehydCj isobutyralde- 
hyde, crotonaldehyde, benzaldehyde, furfural or 
mixtures of two or more such aldehydes. The 
preferred aldehyde is formaldehyde. These 

40 aldehydes may also be reacted with mixtures 
of two or more phenols. 

The resulting resins may be used per se, 
but they may also be modified. 

The alcoholic hydroxyl groups formed in the 

45 resins may thus be cdierified or esterified 
either before or during the condensation of the 
phenols with the aldehyde. Etherification is 
preferably carried out using mpnobydric alco- 
hols and to such an extent tfiat flie resins 

50 are still soluble in organic solvents. Suitable 
monohydric alcohols ate, for example, me^yl, 
ethyls propyl, isopropyl, butyl, octyl, isooctyl, 
dodecyl, or benzyl alcohols. EstdtMcadon is 
preferably efected with monobasic carboxylic 

55 acids, such as acetic acid, propionic acid or 
butyric add. The etherification or esterifica- 
don modifies the reactivity of the resins so that 
subsequent autocondensation of the resins is 
reduced or completely prevented, thus favour- 

60 ing cross-linking of the resins with the poly- 
mer chains. The resins may also be modified 
by replacing the alcoholic hydroxy groups with 
halogen. For example chloromethyl groups 
may be introduced in the o- and/or p-position 

65 to tibe phenolic hydroxyl group. The phenolic 



hydroxy! group may also be esterified, for 
example with die atove-mentioned monobasic 
carboxylic acids. 

The partially etherified or esterified resins 
may be further modified by plasticizing. Thus, 70 
the resins may be reacted at a temperature 
above 70^C with a hydroxy fatty acid which 
contains more than 10 carbon atoms or a gly- 
ceride thereof, so that a resm, which is still 
soluble in organic solvents is obtained. The 75 
resins may also be pkstieized under simi^ 
conditions with giyceride oils, or oa-modified 
alkyd resins si^ as esters of poiyhydnc 
alcohols witih a mixture of (A) dicaiboxylic 
acids and (H) either f attjr or resin acids or a 80 
miscture of fatty and resin adds. The pro- 
duction of such plasdcized resins is described 
in British Patent Spedfication No. 409,397. 

The phenol resins are usually semi-solids. 
They may convenientiy be used in solution 85 
with varying amounts of solvents convention- 
ally used in the varnish industry, such as buta- 
noi, benzene, toluene, or xylene or in solution 
in ccmpcxmds which are useful as plasticizers 
for rubbers, for example, mineral oils, ali- 90 
phatic or aromatic polyethers, esters of poly- 
basic carboxylic acids, polyglycols, polyhydric 
alcohols or mixtures of two or more of these. 
These compounds may be monomelic or poly- 
meric in nature. The vamish-type solvents 95 
may be replaced by the rubber-plasticizer com- 
pounds by mixing die mixtures of the resins 
and the varnish type-solvents with a suitable 
amount, e.g. 10 to 50% by v/eight, of the 
rubber plasticizer compound and distilling off 100 
the vamish-type solvent at reduced pressure, 
preferably at a temperature below lOO^CX 

As^ metal halide^ it is preferred to use 
chlorides and bromides, espedally stannous 
chloride, an iron chloride or an iron bromide. 105 
However, other haiides, such as stannous iodide 
or the dilorides and bromides of the metals 
mentioned below may also be used. Basic 
haiides such as Sn(OH)Cl are also suitable. 

The effect of liie metal halicks may be in- 110 
creased b3'^ the addition of fillers, especially 
active or semi-active caibon blaci:. If the 
metal haiides per se are incorporated directly 
into the cppolym^ mlxturei, the compounding 
and procesang procedures are rendered more 115 
difficult sioce^the metal haBdes are not easily 
iucorporated into the copolymer mixture and 
naay also cause considerable corrosion. It 
is, therefore, more desirable to produce the 
metal haiides in situ in the copolymer mixture 120 
during mixln^^ by reacting a halogen-donor 
and a metal compound capable of reacting 
with the halogen-donor at elevated tempera- 
ture e,g. at a temperature above 7(?^C. The 
term "halogen-donor" is used to denote an 125 
organic compound from which halogen or 
hydjrogen halide may be split off. Tlie halo- 
gen-donor and the metal compound are termed 
halide precursors. 

Halogen-donors include, for example, poly- 130 
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mers or copolymers of vinyl chloride and/or 
vinyiidene chloride with other polymerisable 
compounds^ preferably those which contain 
no stabilising agent; halogen containing poly- 

5 mers, for example polychloroprene; halogen- 
ated, for example chlorinated or brominated 
butyl rubber; halogenation or chlorosulphona- 
tion products of high density or low density 
polyethylene or higher polyolefins; colloidal 

10 mixtures of potyvinyl cliloride with an acryl-^ 
onitrile - butadiene copolymer; halogena^d 
hydrocarbons containing halogen atoms which 
may be split off or which may split off hydro-- 
gen halid^ for example liquid or solid chlorina- 

15 tion products of paraflSnic hydrocarbons of 
natural or synthetic origin; halogen containing 
factice; beaa^l chloride, benz^ ddoride or 
benzotnchlorMe or homologues thereof ^ hepta- 
ddoioqrdlohexaDe; ddorinated acedc acids; 

20 add faalides^ for example lauroyi, aleyl^ stearyl 
or beiizoyl chlorides or bromides^ diphenyl 
bromomethane^ diphenyldibromometfaane or 
triphenylbromomethane, benzotribromide and 
compounds which contain ihe group NHal, in 

25 whidi Hal represents halogen, for example N- 
bromosucdnimide or N - bromo - phthalimide 
or mixtures of two or more such compounds. 
Bromo - compounds such as these containing 
the structure 



30 




have been found to be particularly effeaive. 

In order to form the metal halides, com- 
pounds of the following metals may be used; 
magnesium, cadmium, calciupi, beryllium, 

35 zinc, lead, manganese, cobalt, nickel, antimony 
and, especially, tin and/or iron. These metals 
may be used in the form of oxides or, in tiie 
case of chromium, titanium or aluminium, in 
the form of compounds, e.g, as salts of weak 

40 inorganic or organic acids such as formic, 
acetie, lauric, stearic, benzoic, chromic, silicic 
and carbonic adds. Basic salts of the acids 
may also be used. Furdiomore, mixtures of 
two or more of these compoiunds may be 

45 used. Especially good i^esuiis have been ob^ 
tained by using iron ^ts of one of the above 
adds, e.g. stearic add, if desiied in mixture 
widbi stannous or :dnc compounds. 

The amount of halogen-donor and metal 

50 compound used in the mixture depends on 
their halogen and metal content respectively 
and the ease with which the halogen or hydro- 
gen halide is split off. The amoimt of these 
compounds used also depends on the desired 

55 degree and conditions of vulcanization. Gen- 
erally, they are used in an amount such that 
0.1 to 12, preferably 0.3 to 6 parts by weight 
of metal hahde, based on 100 parts of the 
copolymer, are present or may be formed. 

60 HoweveTj smaller or laiger amounts of halogen- 



donor and metal compound may be added, 
depending on the desired results. The ratio 
of metal compound, such as the zinc oxide, 
to halogen-donor may be varied within wide 
limits, and either the amount of metal com- 65 
pound or halogen-donor may be in excess of 
die other. For example, the metal compound 
may be added in such an amotint that the 
amount of halogen or hydrogen halide is only 
su^cient to form a basic metal halide. When 70 
the metal halide is formed iyt situ in the mix- 
ture, a strong activation of the vulcanization 
may be obtained by heating the mixture prior 
to the addition of the resin, for a short time, 
for example, for a period of 5 to 20 minutes^ 75 
to a temperature between 70 and 250^C, pre- 
ferably between 12(PC and 220°C. During 
the h^t-tr^tment the metal halide is formed, 
thus increasing the vulcanization rate and the 
vulcanizatiqn effect. 80 

The selection of the type and the amount 
of the metal halide and the halogen or the 
hydrogen halide donor respectively and the 
conditions of the heat treatment which give 
the optimum amount of the metal halide in the 85 
copolymer and best results of the vulcanisation 
can be determined by preliminary trial. 

If ^e copolymer mixture is compounded 
on roll mills the heat treatment is generally 
carried out for a period up to 15 minutes for 90 
economic reasons. The metal halide may^ 
however, also be added or tlie metal com- 
pound be reacted with the halogen-donor whOe 
staring or ageing the mixture at a temperature 
in the indicated range for a longer period, e.g. 95 
from 30 to 90 minutes. 

The reaction of the halogen-donor and 
the metal compomid may also be effected by 
mixing som^ or all of tlie ingredients of the 
mixture to be vulcanized, for example, in 100 
an internal mixer such as a Banbury mixer, 
at the aforesaid temperature. In mis pro- 
cedure it is not necessary to conduct the whole 
mixing procedure at said temperature^^ it being 
sufficient to keep the mixture at that tempera- 105 
ture only for a period sufficient to allow re* 
action between the metal compound and the 
halogen-donor. The formation of the metal 
halides in ths. copolymer may also occur in 
two stages, i.e. in part in the compounding 110 
procedure at the normal c<»npounding tem- 
pemtqre and in part during the vulcani2ation. 

In carrying out the invention the cqpoly- 
jner, the resin, the metal halide and the other 
components may be compounded in any desired 1 15 
order according to the usual procedtires adop- 
ted in the jjreparation of rubber mixtures. If 
a metal halide i$ added, the vulcanizing resin 
shotdd be added and incorporated as late as 
possible in order to avoid premature vul- 120 
canization of the mixture. It is also possible 
to mix the metal halide with phenol resin 
and then react it therewith by gently heating 
tiie mixture, which procedure facilitates the 
incorporation of liie m&sl halide into the vul^ 125 
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canizadoii mixture and iraproves the vulcaniza- 
tion effect. ^ If the metal halide is to be pro- 
dticed in situ from a metal compoond it is 
advantageous to incorporate the metal com- 

5 pound and the halogen-donor in the mixture 
first, in order to provide a good distribution 
of diese components in the plastic so as to 
ensure liiat die greatest possible amount of 
metal halide is formed. Any additional com- 

10 ponents, for example, stearic acid, palmitic 
acid, myristic acid or lauric add or other auxil- 
iary substance, may then be added. 

The starting products used according to 
the invention may also be mixed with plasto- 

15 mers or elastomers before cross-linking them, 
for example, with polymers or copolymers of 
ethylene, propylene, isobutylene or butyl rub- 
ber, natural rubber, pplyisoprene, polybuta- 
diene, copolymei^ of butadiene with acryloni- 

20 trile and/or styrene, polychloroprene. Gener- 
ally the proportion of such an additional com- 
ponent will not be higher than 50 per cent by 
weight. 

If, in order to improve the activating efEect 
25 of the metal halide, the mixture is heated to 
above 120°C and placed for a short while 
between rolls or kneaded or stored, it is pie^ 
ferable to add the lesin used as vulcaniziiig 
agent only after the mixtore has cooled. 
30 It is also possible to add before or during 



the heat treatment a small amoimt of a resin 
acting as cross-linking agent, e.g. about 0.1 to 
1.5 parts for every 100 parts. In this case^ 
some cross-linking occurs dtirii^ the heat- 
treatment which affects "die compouiKiing pro^ 35 
cess only slightly. 

The mixture may be vulcanized and moulded 
by any convenient procedure, for example, by 
healing in hot air or steam at temperatures 
above lOO^C, for example up tx> 22(PC, or 40 
by pressing in hea^d moulds. It is preferred 
to effect the vulcaniaatioii at temperatures 
between 150 and 170°G and for periods of 5 
to 60 minutes. Ixl order to shorten the vul-^ 
canization process, it is possible to work at ^ 
temperatures of above 170*^0. GeneraBy, the 
mixttdres may be prepared while tismg fillers 
such as carbon black or lightly colouied fiUers, 
e.g. active slicic acid. The products obtained 
may be used for the manufacture of com- 50 
na^ial ri4>ber goods, e.g. sole material, tyres, 
imer tubes, packing sheets, door mats and 
shock absorbers and cable insulations. 

fin order that the invention may be well 
understood the following examples are given by 55 
way of illustration only : ^ 

Example I — in 
The following mixtures were produced: 



Mixture 


I 


II 


III 


ethylene-propylene-dicjrclo- 
pentadiene rubber with about 
3.5-4 double bonds per 1000 
carbon atoms 




100 




etbylene-propylene-dicyclo- 
pentadiene rubber with about 
5 double bonds p^ 1000 carbon 
atoms 


100 




100 


h^h abrasion furnace carbon 
black (HAF-grade) 


45 


45 




super abrasion furnace carbon 
blac* (ISAF-^e) 






45 


stearic add 


1 


1 


2 


Sna2.2H20 


3 


4 


3 


Resin A 


6 






BesinB 




6 


10 
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The carbon black and the rubber are milled peraiaires is also possible. The resins^ were 
together and the stearic acid, die stannous produced by <x)ndensation, in an a^ato^ 
chloride and the resin are then incorporated, medium;, of formaldehyde with p-tert.-butyl- 
one after another, into this inixtiare. Hie phenol (Resin A), or with p-octylphenol, re- 
order of the additions may, however, be modi- specdvely (Resin B). The mixture is men 
fied. The mixture was produced at 90 — vulcanized at HO^C and tihe followmg values 
lOO^G, but the use of higher or lower tem- obtamed : — - 



10 



15 



20 



25 



Mixture 


I 


II 


in 


Vulcanisation time (min,) 


40 


60 


90 


60 


90 


60 


90 


Tensile strength (l^/cm^) 


100 


130 


134 


102 


117 


133 


144 


Elongation at break (%; 


380 


361 


323 


432 


349 


319 


285 


Modulus 150 (kg/em2) 


24 


30 


38 


18 


24 


41 


50 


Modulus 300 (Wcm2) 


71 


98 


121 


58 


91 


125 




Petmanent elongation (%) 


31 


22 


13 


33 


18 


12 


10 


Impact x^tstan(% (kg/cm)2 


13 


11 


13 


16 


10 


12 


10 


ItodnessC^ShoreA) 


62 


63 


64 


60 


62 


65 


68 


Rebound dastidlty (%) 


45 


46 


46 


47 


45 


37 


37 



As filler, silica may also be used instead of 
carbon black, in this case the amount of 
the resin is desirably increased to about 8 to 
12 parts. 

1. Permanent elongation is the percentage 
increase of the predetermined length of the 
standard ring R I (DIN 53 504) immediatdy 
after tearing. 

2. Impact resistance is the resistance against 
tearing further measured at the standardized 
ring R II (DIN 53 504) having three notches. 

In ihtstj and tibe following examples, all 
tesis were made tising standardized rings in 



which the distance between tbe inner and 
outer radii is 4 nam, the rings having a 30 
thidmess of 6 tarn' 



Example IV 
This example illustrates vulcanization using 
a reacdon product of p-dodecylphenoi-dialco- 
hol and Snao.2H20. Products of this ty|^ 
may be obtained, according to Patent Speci- 
fication No. 880^756, by dissolving p - dodecyl- 
phenol - dialcohol and SnClo-IHoO in acetone 
and heating slightly. The product contains 
about 28% Sn and 16% Q. 



35 



Mixture 


IV 


ediylene-propylene-dicydopentadieae-copolymer 
as described in Es^nple III 


100 


stearic add 


1 


reacdon product of dodecylphenol-dialcohol 
andSna2.2H20 


6 


super-abrasion furnace carbon black (S AF-grade) 


45 


Resin from/>-ociylphenol and formaldehyde ^ 
(prepared by condensadon in an alkaline medium) 


6 
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The mkture was prepared as described in Ejcamples I to III 
Vulcaiiizatiari temperature: 160^C 



Mixture 


IV 


Vitf caoization dme (min.) 


60 


90 


Tensile strengdi (kg/aoa-^ 


98 


122 


Elongadon at break (%) 


348 


316 


M€Hiulus 150 (kg/cmS) 


31 


39 


Modulus 300 ^/cmF) 


81 


112 


Permanent elongaiion (%) 


25 


16 


Impact resiistanGe ^g/cm) 


13 


10 


Hardness CShore A) 


64 


65 


Rebound dasticity (%) 


38 


37 



Examples V— VIII gen halide may easily be split oflE. The niix- 

5 lliese examples ilinstrated activation of the tures are rolled for about 10 nlinutes before 

vulcanization by metal salts of organic acids the addition of the phenol resin. 10 

and compounds from which haic^n or hydros Te^ results of tibe vulcaiiisates : 





V 


VI 


VII 


VIII 


ethylene-propyiene-dicyclo- 
pen.tadiai&-copolymer as des- 
cribed in E^unple III 


100 


100 


100 


100 


stearic add 


1 


i 


1 




diphoiylbroxnomediane 


3 


3 


3 




N-4>romo-snccininude 








2.5 


ironstearate 


2 


2 


2 


2 


dn steEoate 






1 




super-abrasion furnace (SAF) 
carbon black 


45 


45 


45 


45 


Resin from />-isooctylphenol 
and formaldehyde (obtained by 
condensation In an aS:aline medium) 


6 


6 


6 


10 
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Mamifactiire of the 7nixtures: 

The copolymer is first rolled out on the 
jniE imtil a sheet is formed. Thoa the other 
ingredients of the mixture are incorporated 
with exception of the phenol resin. Tlie 
order in which the ingredients of the mixture 
are introduced is not important. In this pro- 
cedure the temperature of the mixture is about 
90^G. The mixture is then removed and 
placed on a roiling mill with heated rolls. 
After the formation of th& sheet care was 
taken to ensure that the temperature of the 
mixture is between 130 and 25D°G (measured 
with a conamercial pyrometer). The mixtures 



are then hot rolled for 10 zniiiutes at the fol- 
lowing temperatures; — ^ 



Mixture V 
Mixture VI 
Mixture VII 
Mixture VIlI 



160— ISO^G 
175— ISO^C. 
170— ISO^C 
160— 165°C 



15 



20 



The mixtures are taken off while sdll hot 
and are mixed in a third working stsep with 
the phenol resin the mixing temperature being 
about 90^C. 

Vulcanization temperature i60°G. 25 

Test results of the vulcanisates 



Mixture 


V 


VI 


VII 


\TTTT 


Vulcanisation 
time(min.) 


60 


90 


60 


90 


60 


90 


60 90 


Tensile strength 


149 


132 


141 


150 


123 


131 


111 120 


Elongation at 
break (%) 


328 


286 


358 


353 


374 


375 


446 400 


Modulus 150 
(kg/cm^) 


28 


32 


24 


24 


20 


21 


14 17 


Modulus 300 
<^/cm^) 


127 




101 


111 


83 


87 


52 74 


Permanent 
elongation (%) 


12 


11 


17 


13 


20 


22 


28 21 


Tmpact re^stance 
(kg/cm) 


7 


6 


11 


9 


10 


10 


13 11 


Hardness 
C^ShoreA) 


57 


58 


56 


57 


56 


57 


55 55 


Hebound 
dastidty(%) 


43 


43 




40 


41 


40 


40 41 



The manufacture of the mixtures described 
in Examples V — ^VIII can be considerably 

30 simplified by milling in an internal mixer. 
The effect otherwise attained by rolling at 
higher temperatures for a longer time may 
then be obtained by kneading at suitable tem- 
peratures for a short time. The resin used 

35 as vulcanization agent may, be incorporated 
at the end of the milhng^ if the milling time 
required therefor is so short that no vulcaniza- 
tion occurs. The examples further show the 
suitability of an iron stearate, as well as of 
diphenylbromomethane, for the vulcanization 
of the types of rubber according to the in- 
vention. Vulcanisates with a good vulcaniza- 



tion level may also be obtained by simul- 
taneous addition of an iron- and tin- or zinc 
stearate. 45 

Care should be taken to ensure that the 
metal and the halogen-containing compounds 
are used in a suitable ratio. By using too 
large an amount of halogen-containing sub- 
stance depoljnuerisation of the ethylene 50 
propylene - coppiyiner may occur during mxOr- 
ing. Mixtures which have deteriorated in this 
way are no longer vulcanisable. 

WHAT WE CLAIM IS ; — 

1. A process for cross-iinking unsaturated 55 
copoljmaers comprising vulcanizing one or more 
copolymers wtdch have been obtained by the 
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copolymerisation of one or more polyolefinie- 
ally unsaturated compounds having 4 to 14 
carbon atoms with one or more straight-chain- 
mono - olefinic compounds having 2 to 10 

5 carbon atoms by one or more phenol resins, as 
herein defined in the presence of one or more 
halides of one or more metals of Groups II 
or III of the Periodic Table (per Meyer and 
MendekjefE) or halides of a heavy metal, said 

10 metal haying a specific gravity greats than 4 
or a misture of halicfe precursors for any such 
haiide or halides as herem defined. 

2. A niiodification of the process as claimed 
in daim 1 wherein the copolymer is derived 

15 ifeom one or more cyclic polyolefinic^y un- 
saturated coniipomids and one or more brandied 
chain mono - olefinic compounds, 

3. A process as claimed in either of the 
preceding claims wherein the polyolefinic^ly 

20 unsaturated compound is a diene. 

4. A process as claimed in any of the pre- 
ceding daims, wherein the polyolefinically un- 
saturated compound contams a pair of con- 
jugated double bonds. 

25 5. A process as claimed in any of the pre- 
ceding claims, wherein the copolymers used 
are prepared from hydrocarbon monomers. 

6. A process as claimed in any of the pre- 
ceding claims, wherein tie polyolefinically tm- 

30 satumted compound is cyclic and contains a 
ling of five carbon atoms. 

7. A process as claimed in any of the pre- 
ceding claims, wherein the oDpolymer used 
contains from 0.5 to 10 mol% of a diene 

35 component* 

8. A process as claimed in daim 7, wherein 
the copolymer contains from 1 to 5 mol% 
of a diene component. 

9. A process as claimed in any of the pre- 
40 ceding daims^ wheidn tiiie phenol xesin is 

used in an amount from 1 to 15 parts by 
wei^t for every 100 parts by weight of co- 
polymer. 

10. A process as claimed in daim 9, nvhezein 
45 the phenol resin is used in an amount from 

3 to 9 parts by weight for every 100 parts by 
weigjht of copolymer. 

11. A process as claimed in any of the pre- 
ced&g daims, wherein the phenol resin used 

50 is a condensation product of a phenol and an 
aldehyde having 1 to 7 carbon atoms. 

12. A process as claimed in claim 11^ where- 
in the phenol resin used is a trifunctional 
phenol resin, as herein defined. 

55 13. A process as claimed in claim 11, 
wherein two of the three positions, ortho, ortho 
and para to the phenolic hydroxy group are 
unsubstituted. 

14. A process as daimed in daim 13, where- 
60 in ^e two positions ortho to the phenolic 

hydroxy group are free. 

15. A process as claimed in daim 13 or 
14, wherein the remaining of the three posi- 
tions is substituted with a hydrocarbon radical 

65 with 4 to 12 carbon atoms. 



16. A process as claimed in claim 15 
wherein the phenol is p - octylphend, p - tert.- 
butylphenol or p - isooctylphenol. 

17. A process as claiined in daim 11, 
wherein the phenol resin is a condensation 70 
product of an aldehyde with a phenol si^>sti- 
tuted in at least one position meta to the 
phenolic hydroxy jgroup with a group vMch 
contains at least 4 carbon atoms. 

18. A process as daiined in daitn 11 or 75 
claim 13, wherein the phenol resm. used is a 
condensation product vdiich contains at least 
85% by weight of cyclic phenol aldehyde con- 
densatipn products of the formula : — • 



0-CHR 




cmf 



80 



in which Ri and Rs are hydrogen or an alkyl 
radical with one to three carbon atoms, or a 
f uryl radical, and in which Ri and R2 are the 
same or different radicals and in which R3 is 
a hydrocarbon radical with 1 to 12 carbon 85 
atoms, chlorine^ nitro or cyano and n is iEin 
integer from 2 to 8. 

19. ^ A process as daimed in claini 18, 
wherein n is an integer from 3 to 5. 

20. A process as claimed in any of daims 90 
11 to 19, wherein the phenol resin used is a 
condensation product of an aldehyde with a 
dihydric phenoL 

21. A proc^ as daimed in daim 20, where- 
in the dihydric phenol is a binudear phenoL 95 

22. A process as claimed in any of daims 
11 to 21, wherein the phenol resin used is a 
cond^sation product of an aldehyde with a 
mixture of more than one phenol. 

23. A process as claimed in any of claims 100 
11 to 22, wherein the alddiyde is fomudd&- 
hyde. 

24. A process as claimed in any of claims 
11 to 23, wherein tlie phenol resin used is 
plasticised by heating to a temperature above 105 
70^C with a hydroxy fatty acid containing 
more than 10 carbon atoms or a glyceride 
thereof; a glyceride oil; or an ester of a poly- 
hydric alcohol with a mixture of (A) dicar- 
boxylic acids and (B) fatty acids and/or resin 110 
acids. 

25. A process as daimed in any of daims 
11 to 243 wherein the phenol lesin is used 
in solution in a solvent conventionally used 

in the varnish industry. 115 

26. A process as claimed in any of daims 
11 to 253 in which the phenol resin is used in 
solution in one or more compounds useful as 
plasticizers for rubbers. 

27. A process as daimed in any (tf daims 1 120 
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to 26y wherein the metal halide used h a 
chloiide or bromide. 

28. A process as claimed in any of claims 
1 to 27^ wherein the metal halide used is 

5 mixed with a phenol resin and chemically 
combined therewidi before adding it to the 
mixture to be vulcanized, 

29. A process as claimed in any of claims 
1 to 28^ wherein the metal halide is produced 

10 in situ in the mixture to be wlcanized prior 
to or during the vulcanization by reaction 
between one or more halogen-donors as herein 
defined and one or more metal compounds 
capable of reacting therewith at a temperature 

15 above 70°C. 

30 A process as claimed in any of claims 
1 to 29, wherein the mixture to be vulcanized 
is heated prior to the addition of the phenol 
resin to a temperature from 70 — 250° C. 

20 31. A proces as claimed in claim 30, where- 
in ilie mixture is heated to a tacnpexature dP 
from 120°G to 22(Pa 

32. A process as daimed in any of claims 
29 to 31, wherein the j^ogenKlonor used is 

25 a bnmo con^und . 

33. A process as daimed In any of daxms 1 
to 32^ wherein the metal halids used is stan^ 
nous chloride or an iron dhloiide. 

34. A process as c^akmd in any of daims 
30 1 to 33, wheiein tbe metal halide or ^e 

htaiogen-donor and the metal compound reac- 
tive therewith are used in an amoimt such 
that 0.1 to 12 parts by weight of the metal 
halide are contained or may be formed in the 
35 mixture to be vulcanized for eveiy 100 parts 
of the dastomer- 

35. A process as claimed in daim 34, where- 
in the metal halide or the halogen donor and 
the metal compound reactive therewith are 

40 nsed in an amount such that 0.3 to 6 parts by 
weight of the metal halide are contained or 
may be formed in the mixture to be vul- 
canized for every 100 parts of the elastomer. 

36. A process as claimed in any of claims 
45 1 to 35, wherein before the vulcanization step 

is carried out, up to 50% by weight of 
one or more otiier copolymers is adaaixed 
with liie original copolymer, the percent figure 
being calculated on the total weight of the 
50 mixture of the elastomers. 

37. A pioqess as claimed in daim 36^ 
wherein butyl rubb^ is added. 

38. A process as daimed in any of claims 
1 to 37, wfaerdn the mixture to be vulcanized 

55 is heated to a temperature above 70^G and 
is admixed prior to or during this heat treat-^ 
ment with 0.1 to 1.5 parts of a phenol resin 



for every 100 parts of the elastomer. 

39. A process as daimed in any of claims 

1 to 38, wherein one or more iillers are added 60 
to the elastomer or elastomers prior to the 
vulcanization. 

40. A process as claimed in daim 39, %vhere- 
in the filler used is carbon black. 

41. A modification of the process claimed 65 
in any of claims 1 to 40, wherein copolymers 

are vulcanized in which the monoolefin com- 
ponent contains up to 90 mol calculated 
on the total mono - olefin component^ of one 
or more branched monoolefinic hydrocaibons 70 
having 4 to 12 carbon atoms. 

42. A process as claimed in claim 41, where- 
in one or more of the branched mono - olefinic 
hydrocaibons iised contains ftWi 4 to 7 caxboii 
atoms. 75 

43. A process as claimed in either of daims 
41 and 42, wherein the proportion of branched 
mono-olefin used is from 10 to 70 mol %. 

44^ A process as daimed in any of claims 
41 to 43, wherein the proportion of branched $0 
mqno-olefin used is from 10 to 50 mol%. 

45. A process as daimed in any <^ claims 
X to 44, wherein the poly-olefinically im- 
saturat^ compound used contains at least 

50 mdl% erf a cydic compound. 95 

46. A process as daimed in any of daims 
1 to 45, wherein the poly-olefinically un- 
saturated a)mpotind used is dicydopentadiene. 

47. A process as daimed in any of claims 

1 to 46, wherein the metal halide used is 90 
produced in the mixture by reacting a metal 
compound with a compound containing the 
group:*-- 



Br 



and being capable of splitting off bromine or 95 
hydrogen bromide. 

48. Vulcanization products when made by 
tlie process daimed in any one of daims 1 
to 47. 

49. Shaped bcdies containing or comprise lOO 
ing vulcanization products as daimed in clabn 

48. 

For the Applicants, 
FRANK B. DEHN & CO., 
Chartered Patent Agents, 
Imperial Hous&i 
15/19 Kingsway, 
London, WiC.2. 
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